Antibody affinity is defined as the attractive force or strength between an antigenic determinant and the antibody combining site (1) . The strength of the reaction is dependent on numerous factors, which include the fit of the antigen with its combining site, the distance between the two reactants, the concentration of the antibody, the density of the antigen determinant, and the presence of a multivalent antibody and complex antigens. The affinity constant for an antibody-antigen reaction has been described as probably the most important overall parameter of the reaction, since it determines the sensitivity of detection of the reaction (11) .
Antibody affinity has been shown to be an important determinant of the efficacy of several laboratory tests, such as hemagglutination, complement fixation, enzyme-linked immunoabsorbent assay, precipitation, and radioimmunoassay (8, 10, 12, 15) . Affinity has also been implicated as an important factor in the biological effects noted in humans and animals (3, 10, 15) and should be included as an essential ingredient in the evaluation of any vaccine (15) .
Antibody affinity has traditionally been measured in the laboratory by equilibrium dialysis (1). The data are analyzed by linear transform by either the Scatchard (13) or the Sips (14) equations to produce a plotted line with a specific degree of slope. Several investigators have reported that these calculations are cumbersome and inaccurate and tend to fail to linearize the curves (2, 4, 6, 16) .
Nelson and Griswold (9) , using a radioimmunoassay with bovine serum albumin, have presented an improved approach to the measurement of antibody affinity by reporting the concept of constant-ratio dilution (CRD) curves. In traditional dilution experiments, in which a series of dilutions of the antibody is compared with a single dilution of the antigen, a wide variation in the antigen-to-antibody ratio is measured throughout the dilution series. In CRD experiments, the antigen-to-antibody ratio is kept constant Curve parameters calculated. The regression analysis was based on the alogrithm of Marquardt (7), which provides a compromise between the Taylor series linearization method and that of the steepest descent (gradient method). CRD curves have a plateau zone in which the fraction of the antigen bound does not change and a dissociation zone in which the fraction of the antigen bound is decreased. The definition of these zones is useful to the analysis of the antigen-antibody reaction. The statistical data reported by the program were designed to be comprehensive. Values for the standard deviation, variance, residual sum of squares, covariance matrix of parameters, correlation matrix of parameters, and standard error of the parameters were calculated during each operation with each set of data.
Operation of the program. No special knowledge of computers is required to operate the program, since all commands require only the entry of a number or letter. Numbers are required to select from a menu of items displayed on the screen or to enter a specific value. A letter is entered to answer simple yes-or-no questions. Two different types of analysis are presented for selection in the main menu of the program, one for a unimodal species analysis and the other for a bimodal species analysis.
The unimodal sector evaluates the reaction of a single antibody with a single antigen. The bimodal sector is selected when the total antibody concentration is divided between two different antibody species with different binding constants that compete for a single species of free antigen. The bimodal sector can also be used for the opposite condition, in which there are two species of antigen and only one type of free antibody. After selection of the proper model, the appropriate values for the dilutions, the fraction bound, and the concentration of the original antibody or antigen are entered. If the bimodal sector is selected, an additional value for the estimated distribution constant of the two species of antibody is also entered.
The calculations are all completed without additional data inquiries from the operator to speed up the production of the final data either on the screen or on a hardcopy print via a printer. This program provides the advantage that the complicated analysis is rapidly accomplished in a laboratory with no requirement for the use of a large mainframe computer or complicated statistical software programs. RESULTS AND DISCUSSION Affinity binding constants were calculated with data from two different laboratory experiments reported by Nelson and Griswold (9) . One set of laboratory data, described as experiment 216-D280 in that paper, was calculated with the unimodal portion of the AFCRV computer program. Table 1 contains the dilutions, the original fraction bound recorded for each dilution, and the fitted values calculated for each dilution of that laboratory experiment. The final binding constant for the single antigen of the experiment is shown in Table 2 . These unimodal data represented hyperimmune antiserum taken 280 days after injection.
Data from laboratory experiment 216-D28, which was also reported by Nelson and Griswold (9) , were calculated by using the bimodal sector of the AFCRV computer program. The dilutions, the original fractions bound, and the fitted values calculated for each dilution of this bimodal experiment are contained in Table 3 . The final binding constants of the high-affinity and low-affinity antibodies are shown in Table 4 . The antiserum measured in this experiment was taken 28 days after injection and demonstrates the heterogeneity of the response to the injection of bovine serum at that time.
The calculation and review of CRD curves of antigenantibody reactions permit a concentrated study of the distribution of affinity throughout a broad range of reactant concentrations while maintaining a constant ratio of the interreactants. The shape of the curve can be derived from the plot of the fraction of the antigen bound versus the dilution factor. The CRD method permits a wide range of dilution factors to be evaluated and was determined to be an improved technique to calculate and study antibody affinity (9). Lowder et al. (5) also have reported the successful use of the CRD technique with monoclonal antibodies. In addition, they reported the comparison of the CRD technique with the equilibrium plate method for these same monoclonal antibodies and found "remarkably close absolute values" for the binding constants from both methods.
The AFCRV computer program can be used in the laboratory in conjunction with the radioimmunoassay by virtually all scientists, including those who have a minimum knowledge of the operation of computers. The program permits rapid calculation of CRD curves and affinity constants in both homogeneous and heterogeneous antigenantibody mixtures.
